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Introduction
In RAN#94-e the WID for Rel-18 IoT NTN was agreed [1] and in RAN#98-e it was updated [2]. The updated objectives of the WID is the following: 
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

4.1.2	Mobility enhancements
The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].

4.1.3	Further enhancement to discontinuous coverage
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].



In the contribution we focus on the highlighted aspects on other mobility enhancements related to IoT NTN. 
CHO for NTN
Conditional handovers were introduced in NR and E-UTRAN in Rel-16. During the NR NTN Rel-16 Study item it was deemed to have great potential to enhance mobility in NTN. In NR NTN Rel-17 WI it was introduced with a set of enhancements. In IoT NTN Rel-17 it was momentarily discussed, but questions on whether it was supported were raised and thus no enhancements were considered given the basic use case at the time. For Rel-18 the use case is to support longer connection times, where Conditional Handovers may greatly assist. 

Release 16 CHO procedure
CHO was introduced for both 5G NR and E-UTRAN in Release 16. It involved intensive work as the legacy handover mechanism from E-UTRAN had to be re-adapted to having multiple handover commands. 

Figure 1. Conditional Handover procedure. 
The Conditional handover procedure can be seen in Figure 1. The steps are as follows: 
1. CHO decision. Source eNB decides to attempt to configure CHO. 
2. HANDOVER REQUEST. Handover requests are sent to target eNBs for every target cell. This means that the source eNB may have to send multiple requests to each target eNB. The HANDOVER REQUEST message contains the RRC message HandoverPreparationInformation message. This contains the UE capabilities, Access Stratum configuration and more. These are used for the target eNB to be able to send a suitable handover and RRC configuration in the handover command from the source eNB to the UE. 
3. HANDOVER REQUEST ACKNOWLEDGE. Target eNB sends an acknowledgement if the handover may be performed, for each cell that the source eNB have requested for. This message will contain the RRC message HandoverCommand, which in turn contains the full RRCConnectionReconfiguration message that the target eNB has fully constructed. This contains all the needed configurations for handover command from source eNB to UE to complete the handover. 
4. Source eNB constructs CHO configuration. The source eNB takes all of the configurations from the target cells that acknowledged the Handover Request, gathers these in an RRCConnectionReconfiguration. Furthermore the source eNB decides on a CHO triggering condition for each cell in the CHO configuration. 
5. RRCConnectionReconfiguration containing CHO configuration sent to UE. 
6. RRCConnectionReconfigurationComplete. The UE replies with a complete message. 
7. CHO condition is evaluated. 
8. UE connects to target cell. UE completes the CHO using random access procedure and then sends the RRCConnectionReconfigurationComplete. 

Ephemeris signalling in CHO
In IoT NTN, the ephemeris and other needed parameters to access the target cell are provided in dedicatedSystemInformationBlockType31 as part of part the handover command or the CHO configuration. In a CHO configuration, the RRCConnectionReconfiguration of each target cell is supplied by the target eNB. As seen in Figure 1, the source cell will send a Handover Request to the target eNB(s) for each target cell. This means that even if there is one eNB with 4 cells, the source cell still has to send 4 HANDOVER REQUEST, and receive 4 HANDOVER REQUEST ACKNOWLEDGE. The source cell will receive the DL-DCCH-Message of HandoverCommand and construct the RRCConnectionReconfiguration. This RRCConnectionReconfiguration now contains the RRC configuration of 4 different target cells along with the dedicated SIB31 of each target cell, where the dedicated SIB31 is likely identical. 
As the maximum number of cells that can be configured in a conditional handover is 8, then it is clear that the CHO command can become prohibitively large. There is thus a need to be able to shrink the size of a CHO command to a reasonable size. 
Observation 1: CHO command may become prohibitively large because of repeated dedicated SIB31 elements. 
Without repeating the dedicatedSIB31 in a CHO command, there would be large savings. In the example above, only one dedicatedSIB31 element need to be signaled instead of 4. If the ephemeris elements are delivered per eNB or per satellite there can be large savings. Thus we propose the following: 
Proposal 1: RAN2 to work on reducing the size of the CHO handover command by sending ephemeris per satellite/per eNB.
There can be different ways in which the CHO handover command size is reduced. One way is to only include the unique ephemeris elements, and use an ephemerisId for the cells that are separate. Alternatively, the UE relies on ephemeris for satellites acquired in new SIB and introduces a CHO configuration with satelliteId:. 
Proposal 2: RAN2 to consider the following option for reducing size of the CHO handover command: 
- Only unique ephemeris elements are included in CHO command and ephemeris ID is introduced for each unique ephemeris element.
- The ephemeris of the new SIB is used for CHO. 

RACH less
RACH-less was introduced in Release 14 for E-UTRAN. It enables a UE to skip performing random access during a handover. This is to improve the delay of handovers in some certain cases. In release 14 RACH-less can only be performed in the following cases, related to the TA: 
· When TA to the target cell is equal to zero
· When TA to the target cell is equal to the TA of the source cell
In Rel-16/Rel-17 and now in Rel-18, RACH less was discussed in the context of NTN, mainly due to the fact that with the UE performing self-synchronization, the TA is calculated by the UE. This means that the conditions related to Rel-14 RACH less may be different. Recently discussions started on RACH-less in NR NTN has re-surfaced. 
Many agreements on NTN RACH-less have been taken in NR NTN. A number of the agreements are related to how RACH less is to be implemented in NR NTN, which requires some special considerations compared to IoT NTN, such as what type of grant to use and how to deal with beam-related problems. A number of the agreements are directly targeted towards the process of performing RACH-less for NTN and they can be directly transferred to IoT NTN. These agreements are: 
RAN2#121-bis: 
1. In Rel-18 we don’t aim at RACH-less HO for NTN-TN mobility
2. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
3. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
RAN2#122: 
1. In NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell, or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal to 0
2. From RAN2 perspective synchronization among source and target cells is not an issue in NTN RACH-less HO
3. Remove “FFS how to perform RACH-less UL synchronization to NTN target cell”, RAN2 assumes the UL sync handling in the target cell is the same in RACH-based HO and RACH-less HO, except how to acquire NTA (FFS on the spec impact , if any)

RAN2#123: 
Agreements:
1. Single beam can be indicated in HO command to monitor target cell PDCCH for dynamic grant for initial UL transmission
2. The pre-allocated grant is provided with association to SSBs
3. The mapping between type-1 CG and SSBs in CG-SDT can be the baseline of how to configure pre-allocated grant mapped to SSBs (can rediscuss in case of different input from RAN1)
4. UE selects an SSB associated to the pre-allocated grant with RSRP above a configured threshold, use the selected SSB and the corresponding UL grant occasions for the initial UL transmission
5. ta-Report can be included in ServingCellConfigCommon in the RACH-less HO command
6. RAN2 understands that if pre-allocated grant is not configured and dynamic grant is used for first UL transmission, if UL HARQ mode is configured, HARQ mode A is recommended for the HARQ process (this is anyway up to NW implementation and there is no Stage2 and Stage3 spec impact)
7. The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timerAlignmentTimer associated with this TAG starts
8. If no SSB mapping to pre-allocated grant has RSRP above the threshold, fallback to RACH HO (with new SSB selection), while T304 is running

As a start we think that the following agreements from NR NTN can be agreed for IoT NTN RACH-less: 
Proposal 3: For eMTC RACH-less the agreements in NR NTN can directly apply to eMTC NTN: 
		- In Rel-18 we do not introduce enhancements for RACH-less NTN-TN HO
		- NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e with same gateway/eNB.
		- NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/eNB switch, inter-satellite handover with gateway/eNB switch, and inter-satellite handover with same gateway/eNB. 
		- in NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell, or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal 0. 
		- RAN2 assumes the UL sync handling in the target cell is the same in RACH-based HO and RACH-less HO, except how to acquire NTA. 
		- ta-Report can be included in ServingCellConfigCommon in the RACH-less HO command. 
		- The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timerAlighnmentTimer associated with this TAG starts. 

Idle mode mobility
Applicability of RSS measurement in IoT NTN
In the latest endorsed running CR on idle mode [3], the following editor’s note can currently be seen: 
Editor Note: FFS whether RSS-based measurement condition check is applicable for IoT-NTN.
The reason this is important is whether the newly introduced Rel-18 IoT NTN idle mode features can be combined with, as can be seen in the following: 
----------- 36.304 running CR R2-2309330 -----------
-	If the measurements are performed using RSS as specified in [10] and the serving cell fulfils Srxlev > SIntraSearchP:, the UE may choose not to perform intra-frequency measurements.
-	If distanceThresh and referenceLocation are broadcasted in SIB31, and if UE supports location-based measurement initiation and has obtained its location information:
  If the distance between UE and the serving cell reference location is shorter than distanceThresh the  UE may choose not to perform intra-frequency measurements.
-  Else, the UE shall perform intra-frequency measurements.
 -    Else, the UE may choose not to perform intra-frequency measurements.
----------- 36.304 running CR R2-2309330 -----------
Resynchronization Signal (RSS)-based measurements was introduced in Rel-15 eMTC. The purpose of the RSS is to reduce the amount of time that it takes for a UE to re-synchronize during sleep periods when the UE-clock drifts. The RSS signal features denser reference signals in both time and frequency as compared to PSS/SSS, allowing for faster and more power efficient re-synchronization. This could potentially be useful for IoT NTN as well, since the problem of re-synchronization is likely more severe. 
Observation 2: RSS-based measurements can be useful in IoT NTN. 
However, RSS measurements come with RAN4-requirements that may need to be reviewed or considered for NTN. Thus before RAN2 can make a decision whether RSS-based measurements can be combined with Rel-18 features, we think it would be important to make sure that RAN4 can make a decision whether this is reasonable or not. For instance, in order for RSS-based measurements to be supported there may need to be NTN-specific requirements. This makes sense as synchronization in NTN is likely more time and power consuming. Otherwise, RAN2 risks specifying features that are not supported across other working groups. Thus whether RSS-based measurements are supported in IoT NTN, we suggest that RAN2 considers the following two options: 
Proposal 4: For way forward on RSS-based idle mode measurements are supported in 36.304, RAN2 to consider the following options: 
	- IoT NTN RSS-based is not combined with Rel-18 IoT NTN features for Release 18. 
	- Send an LS to RAN4 to confirm whether RSS-based measurements can be supported for IoT NTN. 

Performing mobility by releasing an NTN UE
For NB-IoT NTN, it is envisioned that mobility will be performed using RLF and re-establishment procedures. In other words, an NB-IoT UE will connect to a cell and if configured, the UE will perform neighbour cell measurements. In last meeting the following was agreed: 
1. If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). FFS on discontinuous coverage

A separate way of performing mobility for NB-IoT is if a network releases the UE and re-directs the UE. This is likely to be the case in many for earth-fixed cells, especially if neighbour cell measurements are not supported by the UE. One issue with releasing a UE in earth-fixed scenario relates to the delays when releasing a UE which is 10 seconds for NB-IoT and 1.25 seconds for eMTC:
---------------------- 36.331 V17.5.0 ----------------------
5.3.8.3	Reception of the RRCConnectionRelease by the UE
The UE shall:
1>	except for NB-IoT, BL UEs or UEs in CE, delay the following actions defined in this clause 60 ms from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;
1>	for BL UEs or UEs in CE, delay the following actions defined in this clause 1.25 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;
1>	for NB-IoT, delay the following actions defined in this clause 10 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier.
NOTE 0:	For BL UEs, UEs in CE and NB-IoT, when STATUS reporting, as defined in TS 36.322 [7], has not been triggered and the UE has sent positive HARQ feedback (ACK), as defined in TS 36.321 [6], the lower layers can be considered to have indicated that the receipt of the RRCConnectionRelease message has been successfully acknowledged.
---------------------- 36.331 V17.5.0 ----------------------
This was introduced to ensure that the RRC message RRCConnectionRelease can be acknowledged so that the UE and eNB is synchronized on the state of the UE. In NTN it may introduces some issues. One issue is that the cells move relatively fast, which means that what has been configured by RRC release may not be accurate once the time has passed. Another issue is in quasi-earth fixed, where a UE may be released just before t-Service, and thus be forced to wait for the entire duration as the quasi-earth fixed cell has already moved on. This leads to eNB having to release the UE much more in advance before t-Service, further leading to problems of UE attempting to select and connect the quasi-earth fixed cell that is moving away (depending on UE implementation). This can be seen in Figure 2a. One way to prevent these problems would be to allow UE to release itself at t-Service after RRCConnectionRelease have been received as seen in Figure 2b. Thus we propose: 
[image: t service release fig]
Figure 2. T-service and RRCConnectionRelease.
Proposal 5: Allow UE to start RRC Connection Release procedures at t-Service if RRCConnectionRelease(-NB) is received before t-Service.


Conclusion
In this contribution we discussed issues related to other mobility enhancements for NTN. 
Observation 1: CHO command may become prohibitively large because of repeated dedicated SIB31 elements. 
Observation 2: RSS-based measurements can be useful in IoT NTN. 


Proposal 1: RAN2 to work on reducing the size of the CHO handover command by sending ephemeris per satellite/per eNB.
Proposal 2: RAN2 to consider the following option for reducing size of the CHO handover command: 
- Only unique ephemeris elements are included in CHO command and ephemeris ID is introduced for each unique ephemeris element.
- The ephemeris of the new SIB is used for CHO. 
Proposal 3: For eMTC RACH-less the agreements in NR NTN can directly apply to eMTC NTN: 
		- In Rel-18 we do not introduce enhancements for RACH-less NTN-TN HO
		- NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e with same gateway/eNB.
		- NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/eNB switch, inter-satellite handover with gateway/eNB switch, and inter-satellite handover with same gateway/eNB. 
		- in NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell, or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal 0. 
		- RAN2 assumes the UL sync handling in the target cell is the same in RACH-based HO and RACH-less HO, except how to acquire NTA. 
		- ta-Report can be included in ServingCellConfigCommon in the RACH-less HO command. 
		- The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timerAlighnmentTimer associated with this TAG starts. 

Proposal 4: For way forward on RSS-based idle mode measurements are supported in 36.304, RAN2 to consider the following options: 
	- IoT NTN RSS-based is not combined with Rel-18 IoT NTN features for Release 18. 
	- Send an LS to RAN4 to confirm whether RSS-based measurements can be supported for IoT NTN. 

Proposal 5: Allow UE to start RRC Connection Release procedures at t-Service if RRCConnectionRelease(-NB) is received before t-Service.
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